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(2) Technical Objectives:.The &ong termr&aim over three years~is to
advance6ur' fundamental understanding of middle atmospheric
dynamics, particularly with regard to the vertical and
horizontal dynamical coupling associated with planetary scale
motions and their interactions with other scales. The
immediate aims of the first year are to continue with
high-resolution barotropic planetary wave-breaking
simulations, to extend these to fully three-dimensional
baroclinic simulations using the Vk Research Councils "Cray
X-MP/48, to continue to build new theoretical concepts using
insights from abstract theories of Hamiltonian dynamical
systems, and to carry out numerical experiments and diagnostic
computations that test the limitations of the
potential-vorticty invertibility principle. It is hoped that
these activities will lead to a the development of a new and
illuminating set of diagnostic methods for probing dynamical
processes in high-resolution numerical models and, ultimately,
in real observational data.

(3) Approach: The approach is~three-pronged: first,'to build and
use a sophisticated numerical modelling capability,, both
locally andtexploiting our involvement in the UK Universities'

_' Global Atmospheric Modelling Project,(UGAMP), second2to
develop abstract theoretical concept' that are likely to lead
to dynamical insight and test them in numerical experiments,
and Ibird-,to develop new and efficient ways for scientists to
interact 4ith numerical models, exploiting modern workstation
facilities.

(4) Accomplishments since April 1987: One milestone was the
successful initiation of three-dimensional, high-resolution
numerical simulations of breaking planetary waves, building
upon the barotropic modelling work initiated earlier and still
continuing. This has verified many of the features that we
thought significant about the barotropic simulations, but has
also taken a major step towards complete realism in
representing the dynamics of the planetary "wave-turbulence
iiqqaw puzzle" (first results were presented at the March 1988
European Geophysical Soc. Symposium and are scheduled for the
Snowmass Polar Ozone Workshop in May).

With the arriv&4 of the new workstation system we are taking
our fir3t steps towards what we hope will be a new world of



man-machine interaction in numerical modelling. Grayscale
graphics like the ones produced with so much labour for the
Juckes and McIntyre Nature paper, using an oversubscribed
central campus facility, are now being easily and routinely
produced locally in the research group's working area. These
give a far more powerful way of viewing dynamical phenomena in
several kinds of numerical experiments now being done.

Progress has also been made on the conceptual frontier. Dr
Haynes has succeeded in extending earlier work by McIntyre and
Shepherd to take account of dissipative processes, (first
Haynes reference in sec. 7a below), and McIntyre has
discovered a new aspect of the mathematical structure of wave,
mean-flow interaction theory (a Legendre transform
relationship) that may prove fundamental.

Mr W.A. Norton has exercised great ingenuity in achieving
high-order, nonlinear potential-vorticity inversicns using
several different algorithms. One surprise has been how
difficult it is to obtain clear examples of the spontaneous
breakdown of high-order balance in shallow-water systems on
the hemisphere. Balance and invertibility are proving
surprisingly robust. These together with some further
barotropic modelling results are being written up for
publication.

Dr Dritschel has been obtaining a flood of remarkable results
on the fine-scale aspects of vorticity and potential vorticity
evolution. This is building a bridge between the esoteric
mathematical world of dynamical systems that forms the main
thrust of Dr Dritschel's work (supported on UK funds) and the
world of the real stratosphere and mesosphere that we are
trying to understand.

Dr McIntyre has carried out a new analytical model calculation
bearing on the so called "turbulent Prandtl number" question
that is important in connection with breaking gravity waves in
the mesosphere. Results were presented at Noctilucent Cloud
(NLC) Workshop at Boulder in March.

Drs Haynes, McIntyre and Shepherd have begun new work to
determine the robustness of the "downward control" principle
for diabatic circulations and chemical transports. This is DTIC
proving highly relevant to the mesospheric NLC environment as
well as to understanding.dynamical-chemical-radiative INSPECTED

interactions in the stratosphere. 6

(5) Significance: The research described is giving us new insights
into the subtle scale interactions that are central to the ... ..
way in which the circulation of the middle atmosphere is .or
controlled and shaped. With the progress of the numerical 4i-
modelling and man-machine interaction facilities we are close
to being able to use the models as a flexible testbench for 0
hypothesis-testing and for the development of innovative atlon._.
diagnostics based on theoretical insights now emerging.

(6) Future efforts: The next step in three-dimensional modelling
will be to incorporate a realistic radiation scheme. Hand .. .
calculations with simple radiation models are indicating that 111tY Codes!
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the scale dependence of infrared radiative exchange in the 15
micron C02 band may strongly affect small-scale potential
vorticity features. We also hope to move to three-dimensional
potential vorticity inversions and to further develop our work
on the downward influence principle. Next year, should, in
addition, see us able to pull together and crystallize the new
theoretical concepts on wave, mean-flow interaction now under
development. Also, we plan to continue active participation
in UGAMP.
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